The capstone project course at the University of Evansville is a two-semester sequence in which students complete a project design in the first term and an implementation to verify the design in the second term. At the end of the second term all students present their projects. The presentations include an oral and a written report plus a poster presentation. In the past, all of these were graded and assessed separately. Working engineers from the local community were used to judge the oral reports while faculty assessed the report and poster presentation. However, analysis showed a disparity between the scores that the working engineers gave the projects based on the oral reports and the scores that faculty gave the same project based on more extensive data.
Introduction
Capstone projects are an integral part of an undergraduate engineering major's education. The 2015-2016 ABET criteria 5 states 1 : "Students must be prepared for engineering practice through a curriculum culminating in a major design experience based on the knowledge and skills acquired in earlier course work and incorporating appropriate engineering standards and multiple realistic constraints." Since the capstone project is a degree requirement and taken after a student has completed most of their required courses in engineering, it is common 2, 3, 4 to use the senior project as a source of data for assessment. For the ABET a through k student outcomes in General Criteria 3, the obvious items that can be gleaned from the capstone project for assessment are (c) an ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability; (e) an ability to identify, formulate, and solve engineering problems; (f) an understanding of professional and ethical responsibility; (g) an ability to communicate effectively Outcome (d) an ability to function on multidisciplinary teams, is also widely assessed by senior project data for those programs where the capstone project is done in teams.
Like other engineering courses, senior projects are graded and each student gets a grade for the term based on their project. Since the projects involve a number of complex factors such as project quality and complexity, communications skills, understanding of ethics, and an ability to solve engineering problems, the grade alone is not suitable for assessment.
For decades working engineering professionals have participated in the final evaluation and assessment of capstone projects at the University of Evansville. In the past, working professionals viewed the final oral presentation of all of the projects along with a brief demonstration of the final working project. Each project presentation consisted of a 15 minute oral presentation, including a brief demo, followed by a 5 minute question period. Faculty and working professionals completed rubrics for these presentations and scores were compared.
It was often the case that a student would get disparate scores from the two groups. Due to the intimate knowledge of the projects the faculty had, their scores tended to be biased while the working professionals only had a brief sampling of the project before assessing a score. The working professionals lacked much of the background information available to the faculty. In a few cases, the working professionals designated some projects for outstanding awards when the faculty had given the project relatively low marks. The converse of this also occurred although less frequently.
In the spring 2013, we revised the way in which the projects were evaluated by having the working professionals evaluate projects based on a formal poster presentation where each student met with each evaluator one-on-one for about 20 minutes. This allows the working professionals more time to ask specific questions regarding each project and they gain much more in-depth knowledge of the details. Results show much more harmony between the working professional's scores and the faculty scores for each student.
History and Structure of the Senior Project
The senior capstone design project course sequence was a novel idea in 1976 when it was introduced into the computer, electrical, and mechanical engineering curriculum at the University of Evansville. It began as a three course sequence on the quarter system with the first course being non-credit and used as a course in which the capstone project was chosen. The second course was the project design and the third course was the implementation. When the University changed from quarters to semesters in the mid-eighties, the non-credit first course was moved to the end of the junior year, the design course took the first semester of the senior year and the third course in the sequence was always taken during the final semester at the University. That structure remains in place today.
Capstone projects were originally industry sponsored, but the logistics of finding enough suitable projects from local industry proved daunting and that requirement was soon dropped. At this time, about half of the projects completed are sponsored from sources outside the University, although many of these are in the form of intercollegiate contests and not truly industry sponsored.
The computer science program was joined to the electrical and computer engineering programs in 1990 to form an EECS department. Capstone projects are currently completed in both computer science as well as electrical and computer engineering. All three programs follow the same format and have the same assessment procedure. Few of the capstone projects are truly interdisciplinary -most are not. Every year there are a couple of team projects with groups no larger than two. However, the majority of the capstone projects are done individually. Because of this, the senior project sequence is not used to assess teamwork. Teamwork is currently assessed in sophomore and junior level classes.
In 2002, we introduced posters to the senior project sequence. Originally this was done as a way for students to display their work to their peers and underclassmen while gaining experience in a real world setting. The poster session also allowed an opportunity for the underclassmen to see the exciting work done at the senior level, and to provide motivation for them to begin thinking of their own future projects. The poster session gradually grew into a more formal presentation used for assessment when the working engineers began participating in the session.
Present Structure of the Senior Project
This section details the three course structure of the capstone sequence at the University of Evansville mentioned earlier. The first course is EE 494, which is non-credit course but required for graduation. It is taken in the spring semester of the junior year and meets once a week. During each meeting a faculty coordinator arranges for a sequence of project ideas to be presented. Some of these come from industry while others come from faculty. Students are also permitted to create their own senior project, but it requires a formal detailed description before being approved by a faculty committee. At the end of EE 494 students write a one to three page "mini-proposal" which outlines the requirements of their project. The mini-proposal also requires that they have the agreement of a faculty member to serve as an advisor for the project. It is important to note that while enrolled in this course, students are also taking a junior level projects course, which helps prepare them for the much longer senior year design project 5, 6 .
During the first term of the senior year, students take EE 495 which is billed as "Senior Project Phase One". This is a three credit hour class which meets three hours a week for lecture. The class covers writing, ethics, professional skills, and both written and oral communication.
Students write a formal proposal for their project in multiple drafts, meet one-on-one with their project advisor, and do a formal oral presentation of their proposal as part of the course. They are also expected to complete a preliminary design of their capstone project.
The final course, EE 497, is taken during the spring semester of the senior year. This is the implementation phase of the senior project sequence. This class meets five times per semester for coordination and formal presentations. Otherwise, students meet one-on-one with their project advisor and course coordinator. Their final project report again goes through multiple drafts and they complete a practice session for their final oral presentation. Students must also prepare a poster describing their project. The posters are professionally printed and mounted and become a key part of the final project documentation and presentation.
Near the end of the semester, seniors participate in a final presentation day. There is a formal poster session held in the morning, which is attended by the working professionals, faculty, students, administration, loved ones, sponsors, and faculty from other departments. Lunch is then provided followed by the afternoon session consisting of the oral presentations. All are invited to this session as well, but it is generally attended by other senior students, faculty, and loved ones of the students.
Poster Session
During the poster session each student or team is given an appropriate space to allow for a demo of their project and an easel for the poster. The length of the poster session is dependent upon the number of capstone projects, but enough time is allotted so that the judges may spend at least 20 minutes with each project. Students are expected to stay next to their poster the entire poster session and provide a demonstration and answer questions to anyone who visits their area.
Typically there are three working professionals from each of computer engineering, computer science, and electrical engineering. The judges are asked to visit each project alone so they are not biased by each other's questions and/or opinions. Projects are then reviewed one-on-one by the working professionals. It is expected that the judges ask the students hard questions about their projects and dive into the details as much as possible within a 20 minute timeframe. Each working professional completes a rubric for each project after visiting the student(s).
At the end of the day, the department chair and program directors meet with the working professionals for a wrap-up session. Since this group is familiar with the abilities of the students, this session is also used for guidance on outcomes and objectives and to provide feedback on improving the program.
Assessment and Rubrics
The rubric used by the working professionals during the poster session is shown in Figure 1 in the Appendix. Figure 2 in the appendix shows the oral presentation rubric used by faculty during the afternoon session.
The first question on the poster rubric of Figure 1 is used as a supplementary assessment method for ABET outcome (a) an ability to apply knowledge of mathematics, science, and engineering. Other methods outside of the senior project sequence provide a more granular measurement that allows changes to specific courses for correction. We use the results of this question as a way to determine the suitability of a project for this class. Projects which score low on this question are further examined to determine if they should be avoided in the future.
The second question on the poster rubric pertain to ABET outcome (e) an ability to identify, formulate, and solve engineering problems. This question gets at the central focus of the senior design project. A student cannot get a good grade on the senior design project without demonstrating to professional reviewers that they have the ability to solve a real engineering problem.
Questions 3, 4, and 5 are all related to ABET (k) An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice. For these questions the reviewers are looking at the student's demonstration of the use of engineering tools and methodology. One of the requirements for every senior project is that it must have a product which can be demonstrated. This demonstration, which is part of the poster presentation, allows the student to show off the use of engineering tools, design of circuit boards, algorithms used in software, and other skills used in the engineering and computer science profession.
Questions 3 and 7 are used in part of the assessment of ABET (c) An ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability. A more granular assessment of ABET (c) is taken from the senior project written report which must address issues in this outcome.
Question 6 pertains only to those projects done as a team. We don't require that the senior project include teamwork so this question is not used for ABET assessment. We do use this question to help determine what role each student played in the completion of the project.
Questions 8 and 9 apply to ABET (g) an ability to communicate effectively. Communication skills are also assessed in the oral presentation and in the written report.
Question 10 attempts to provides an assessment basis for ABET (h) the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context.
Conclusions and Feedback
After the professional reviewers have met with the students, viewed their posters, and assessed their projects, they meet with the department chair, program directors, and senior project coordinators. This meeting is considered critical since it provides additional feedback that is often difficult to convey by filling out a rubric. The following conclusions and comments are largely taken from feedback in these meetings.
• The industrial reviewers are enthusiastic about this process. Many have served as judges for oral presentations in previous years and have indicated that this process gives them a much better understanding of what the student has actually done on a project.
• Almost all reviewers are eager to return and serve in subsequent years. This is true because they feel the process is effective and, in some cases, because it gives them a much clearer idea of what they can expect from graduates of our program. (In some cases, job offers have been made and reviewers have asked to become involved in the senior project at an earlier point.) • For the past three years that we have been doing this there has been 100% agreement between the faculty assessment of projects and the industrial reviewer's assessment of projects. We have eliminated the disparity produced when industrial reviewers saw only the oral presentation.
